Abstract: With the objective of evaluating the accuracy of price index models, we adopt a series of techniques to compares the performances of the hedonic, repeat sales, and hybrid models based on the data from the Chinese most representative painter, Qi Baishi during the period from 2000 to 2016. When applying the mean squared error (MSE) technique, the repeat sales model outperforms alternative models. However, according to the correlations and width confidence intervals, the hybrid model provides the most reliable estimates of price indices. The study also shows that the repeat sales model obtains relatively a lower total return estimate as well as a higher volatility than other two models. Our findings have important implications in identifying the precision of index models and provide supplements to art investment studies..
Introduction
The rapid growth in the Chinese paintings market has attracted increasingly attention in recent years. Until now, studies focusing on returns of Chinese artworks generally utilize the common hedonic or repeat sales models and there has been no study comparing the results and no uniform conclusion on these issues, thus creating confusion for investors. The aim of this study is to investigate the performances of the hedonic, hybrid along with repeat sales models in the Chinese paintings market in terms of (i) the accuracy of the various models and (ii) the influence on art return estimation using the data from the Chinese most influential painter, Qi Baishi during the period from
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The rapid growth in the Chinese paintings market has attracted increasingly attention in recent years. Studies focusing on returns of Chinese artworks generally utilize different models and there has been no study comparing the results and no uniform conclusion on these issues. This study investigates the performances of the common models by using the data from the Chinese most influential painter, Qi Baishi during the period from 2000 to 2016. Notably, it is the first time to combine main index construction models to provide an overall perspective on their performances in the Chinese paintings market.
2000 to 2016. Notably, it is the first time to combine main index construction models to provide a overall perspective on their performances in the Chinese paintings market.
The reason we choose data from Qi Baishi as the representative of the Chinese paintings market is that he has been known as the renowned Chinese painter of the twentieth century and one of the top-selling artists. According to the 2016 market annual report from Artprice, he ranked the third of the top world 500 artists by auction revenue and the twentieth of the top 100 auction performance in 2016. It is widely acknowledged that the price behavior of Qi Baishi's artworks exhibits consistent patterns of the Chinese paintings market and reveals useful aspects in terms of performance. This paper, using both 8,218 hedonic data and 2,207 repeat sales data from Qi Baishi sold at China and global auction houses over the period [2000] [2001] [2002] [2003] [2004] [2005] [2006] [2007] [2008] [2009] [2010] [2011] [2012] [2013] [2014] [2015] [2016] , examines the performances of three common price index models: the hedonic, hybrid and the repeat sales models. In the hedonic model, all available transaction data are pooled. The logarithm of price is regressed as the dependent variable on a set of value-determining attributes and time dummies. One advantage of the hedonic model is that it makes efficient use of available data and may therefore give more reliable estimates of price indices (Renneboog & Spaenjers, 2013) . However, it is criticized for disadvantages of implicit functional form and the change of item characteristics over time (Collins, Scorcu, & Roberto, 2009; Scorcu & Zanola, 2011; Wolverton & Senteza, 2000; Worthington & Higgs, 2004) .
In contrast, by confining the analysis to a series of consecutive transactions of a given item at least twice during the sample period, the repeat sales model estimates a price index by regressing the price change of each item on a set of dummy variables. Researchers, such as Goetzmann (1993) , Mei and Moses (2002) , Pesando (1993) , and Pesando and Shum (2008) , employ this method to art investments. The main strength of the repeat sales model is that it does not require the specific information on item attributes. Nevertheless, since this approach is based on only a part of total sales observations and this subset may not represent the full sample, the weaknesses of using repeat sales model include the difficulty of controlling for the market trend during the sample period, as well as suffering from selection issues (Biey & Zanola, 2005; Kraeussl & Elsland, 2008; Renneboog & Spaenjers, 2013 ).
The hybrid model, first advanced by Case and Quigley (1991) and then extended by Carter Hill, Knight, and Sirmans (1997) , constructs the index by combining features of both the hedonic and repeat sales models. This method goes beyond the previous techniques since it allows one to correct for the effects of heterogeneity and serial correlation (Biey & Zanola, 2005) . However, the shortcoming of the hybrid model is that it needs an extensive data-set together with the details on the concerned observations. In addition, the requirement of complicated econometric techniques and implementation skills also makes it difficult for some people using this method. Actually, the hybrid model are mainly used in the house market and only a few applications exist on the art market due to the difficulties to apply it to art items (Chanel, Gérard-Varet, & Ginsburgh, 1996) . Our paper makes several important contributions to the analysis of performances of the hedonic, hybrid, and repeat sales models in the Chinese paintings market. First, this is the first time to apply the hybrid model to construct the price index of the Chinese paintings market. Secondly, we present an overall perspective on the comparison of these price index models by examining the results concerning the accuracy and their effects on return estimation. Finally, we examine some fundamental characteristics of the Chinese artworks and their interactions on return performance. Consequently, our findings are expected to be helpful to the evaluation of model construction and art investments.
The remainder of the paper is organized as follows. In Section 2 we provide a brief explanation of each model. Section 3 describes details on the data-set. Empirical results are analyzed in Section 4. In the final Section 5 we summarize the key conclusions.
The models

The hedonic model
Let i = 1, … , N be the set of selling artworks, define P it as the logarithm price of the painting i at time t; X it as a K × 1 vector of characteristics for the painting i and α as a K × 1 vector of implicit prices of X it ; δ as a T × 1 vector of index numbers and D it as a T × 1 vector of time dummies taking a value of one if a transaction on the painting i occurs in time t and zero otherwise, and ε it as an error term. The hedonic regression equation can be expressed as:
The repeat sales model
Define P jt+s as the logarithm price of the painting j at time t + s. The price difference between two sales of the painting j can be written as: where Δ j = jt+s − jt , and
The hybrid model
Separate the whole set N into the subset of artworks that were sold only once during the sample period w = 1, …, I and the subset of artworks that were transacted more than once j = 1, …, J. The error term ɛ it of Equation (1) is now decomposed into two parts: a time dependent random error term e it and a time independent error term η i . The hybrid model can then be represented as:
where all other variables are as previously defined.
Estimations of the hybrid model involve a series of intermediate steps. Note that specification error term η w in the hybrid model is directly analogous to the unobserved heterogeneity term in the random effects model outlined in Greene (2003) . Under this assumption, the covariance matrix associated with the hybrid model can be written as:
Following Jones (2010), we estimate Equation (3d) using all J observations to obtain the residuals as a consistent estimate of 2 e and then apply a degrees of freedom correction:
(1)
Analogously, a consistent estimate of 2 is found by estimating Equation (1) using all W observations to obtain the residuals and then applying a degrees of freedom correction:
The covariance matrix Ω could then be constructed using 2 e and
2
. Theoretically, Ω −1 can be found, and according to Cholesky decomposition, we could find the P matrix, where P � P =Ω −1
, and use this P matrix to transform the data prior to estimation via least squares. Practically, finding Ω −1
and P directly requires intensive computations, and it is not possible for large data sets. Fortunately, the structure of Ω is such that non-zero elements only exist on the on-diagonal of each block, and that the non-zero values within each block are identical. This means that the inverse of a proportionally much smaller version of Ω can be found to obtain the values and the location of the non-zero elements (Fogarty & Jones, 2011) .
Data
The data employed in this study are obtained from Artron.net and span the period 2000 to 2016. The Artron database contains a number of relevant information of artworks sold at China and global major auctions, (e.g. sales record, artist's name, title of the work, year of production, materials, sales date, prices, dimension, signed or not). Buyers and sellers' transaction fees paid to auction houses are included in prices and are recorded in both renminbi (RMB) and local currencies.
Specifically, the explanatory variables X it and D it included in models are:
Dimension
The variable area is a product of both width and length, which is measured in square meters. To examine whether the price increases with a diminishing effect, the variable area 2 is also included.
Medium
In our study, the Chinese artworks are categorized in two different mediums. The categories are paper and silk, with silk as the reference variable.
Mounting
Normally, the Chinese artworks can be mounted in several ways. We specify dummies album of sheets, folding fan, folding screen, framed, hand scroll, and hanging scroll to reflect in which type the painting is adopted, with album of sheets as the reference variable.
Type
Traditional Chinese artworks are done either in black ink or colored. In this case, two dummy variables ink (as the reference variable) and color are created to identify whether the painting is in ink or colored.
Auction houses
In this paper, the auction house dummies are specified by beijing hanhai, beijing kuangshi, christie, guardian, poly, and sotheby, which are main dominant auction houses in China and worldwide. We assign the dummy variable to take the value of one if the painting is classified into any of these six auction houses. Other auction houses are assigned to the references and take the value of zero. (6) Table 1 summarizes the descriptive statistics of artworks sold. The number of samples, means, and standard deviations are presented, along with the minimum and maximum. The average artwork price of Qi Baishi from 2000 to 2016 is 1,742,045 RMB, ranging from 330 RMB to 425,500,000 RMB. According to the dimension, the average area is 0.3501m2, with the standard deviation of 0.3068. There are 8,163 artworks which have been painted on paper, accounting for 99.33% of the total samples. Among all mounting types, hanging scroll is the most prevalent (5,115), followed by framed (2,320), whereas there are only 27 artworks mounted in hand scroll. Furthermore, the artworks in color (6,254) are approximately three times more than those in ink (1,964). Table 1 includes the statistics of artworks according to different auction houses as well. Of the six dominant auction houses, guardian is the most popular, with the number of 2,111. Relative to christie (608) and sotheby (495), poly (1,108), beijing hanhai (943) and beijing kuangshi (632) achieve higher proportions, suggesting that the majority of Chinese artworks of Qi Baishi has been sold in China.
Period
2 = 1 W − K − T − 1 ∑ N i=1̂2 it
Empirical results
Comparison of three price index models
The performances of three models are now evaluated. Table 2 reports the coefficient estimates and corresponding standard errors for semiannual and annual periods using the White (1980) heteroscedasticity-robust procedure. Columns (1) and (2) reveal the hedonic regression results. Results of the repeat sales method are shown on Columns (3) and (4). The hybrid model is estimated using the unrelated regression methodology and displayed in columns (5) and (6).
To evaluate and compare price index models in depth, we then use three key measures to assess the precisions of three price index models:
(1) The mean squared error (MSE) based on an out-of-sample forecast (Goh, Costello, & Schwann, 2012) .
(2) The squared correlation between the actual and predicted values (Case & Szymanoski, 1995) .
(3) The width of a 95% confidence interval (Case & Szymanoski, 1995) . 
The mean squared error (MSE) based on an out-of-sample forecast
The first measure we adopt is the MSE based on an out-of-sample forecast. This procedure, proposed by Goh et al. (2012) , is simple to deal with and effective in examining the precisions of the price index models.
* indicates significance at the 10%, respectively. ** indicates significance at the 5%, respectively. Specifically, for each price index model, we split its data-set into two sub-samples. The sub-sample 1 consists of 70% of the full sample and is used to compute the indices. The parameter estimates obtained in the first sub-sample are then applied to the sub-sample 2, which involves the remaining 30% of the full sample and is used to forecast prices for each observation. In this way, there are two sets of prices in the sub-sample 2: one is the forecast price, ŷ i , and the other is the actual price y i . To evaluate their relative precisions, we then use the standard forecast analysis statistics in terms of the MSE for each price index model, which is represented by
. In this equation, n denotes the number of observations used to forecast the price, ŷ i is the forecast price for observation i, and y i is the actual price of observation i. Since the MSE is combined with both the bias and the variance, a lower MSE value for a particular price index generally indicates a better accuracy. Table 3 presents the estimated semiannual and annual MSEs for the three price index models, respectively. It reveals that at both levels of time frequency, the repeat sales model generates the lowest MSEs. However, Case and Szymanoski (1995) note that the fact that standard deviation of the disturbance term in the repeat sales model smaller than those in the hedonic and hybrid models could be explained for two reasons. One reason is that the pure random noise component of the disturbance term is assumed to be positively related to the length of time elapsed between transactions, which is likely to be smaller for the repeat sales model than for other two model. The other reason is that the repeat sales model normally incorporates additional information on repeat transactions that are ignored in the hedonic model. Therefore, it is probably that the smaller estimated MSEs of the repeat sales model could be interpreted merely as a reflection of the smaller standard deviation of the disturbance term rather than an evidence that the repeat sales model is more precise than other two models.
Additionally, although the hybrid model stands out as a relative accurate price index model in most housing literatures (Jones, 2010; Goh et al., 2012; Quigley, 1995) , that is not the case in our study. Even if the hybrid model has the advantage of combing features of both the hedonic and repeat sales model, it yields the highest estimated MSEs at both levels of time frequency (1.5265 semiannual and 1.5554 annual), underperforming the other price index models. Biey and Zanola (2005) also find that the standard deviation of the disturbance term of the hybrid model are higher than those of the hedonic and repeat sales models when investigating the performance of Picasso prints and attribute to the limited number of repeat sales in the sample. Similarly, our finding provides a certain support to Meese and Wallace (1991) , who argue that the hybrid model appears not to produce reliable estimates of the price indices. Figure 1 depicts the MSEs of the three models based on an out-of-sample forecast at both semiannual and annual time frequencies, where the red line and the blue line represent the forecast value and the standard error, respectively.
Correlation between actual and predicted values
The second measure commonly used as means of assessing price index models is the correlation between actual and predicted values from econometric models, which provides a direct measure of the reliability. Normally, a high correlation can be interpreted as an indication of little error in the model, while a low correlation would indicate a large amount of error. Table 4 presents the squares of the estimated correlation coefficients between actual and predicted values based on the hedonic, hybrid, and repeat sales models (r 2 yŷ ). As shown, the hybrid model generates overwhelming higher correlations than the corresponding hedonic and repeat sales models, demonstrating its more accurate prediction ability. Moreover, correlations of the three price index models on the basis of semiannual frequency are slightly higher than those on the basis of annual frequency, suggesting relative better predictions.
Width of a 95% confidence interval
The third measure used is the width of a 95% confidence interval, which reflects both the estimated standard deviation of the disturbance term and the precision with which the individual parameters of the model. In view of this, we calculate the estimated semiannual and annual price indexes along with their corresponding 95% confidence intervals, which are reported in Table 5 . Overall, the hedonic, hybrid, and repeat sales models show a similar trend in Table 5 : there has been a noticeable increase from the year 2000 to 2011, and then followed by a strongly fluctuation till 2016. Such situation could also be demonstrated in Figure 2 , which presents the indices constructed with three models at the annual and semiannual time levels, respectively. Figure 2 reveals that in general, the patterns of three indices seem almost alike, although the repeat sales index always tracks below the hedonic and the hybrid indices at different time levels.
To make the estimate efficiency comparison across models much clearer, Figure 3 plots the 95% confidence interval for each model around a constant index value of unity. The dashed lines, dotted lines, and continuous lines represent the 95% confidence intervals (the level of price volatility) estimated from the hedonic model, the repeat sales model and the hybrid model, respectively. In line with our expectation, for both time levels, the hybrid model provides the narrowest confidence interval among three models. This result, combined with the result of the correlation between actual and predicted values, suggests that the hybrid model to some extent provide the most efficient estimates, which confirms the findings by Biey and Zanola (2005) and Fogarty and Jones (2011) .
Evaluations of three price index models
Besides the estimate efficiency, we also compare different returns evaluated by different models. In general, the estimated return on art varies with data, methodology, and the time period under consideration (Ashenfelter & Graddy, 2003 sales model and others is that the repeat sales model relies on only a subset of transactions and the utilized sample has been relatively small and selective, which may have a significant impact on the return estimates. Table 6 presents the estimated returns for the three price index models during the period 2000 to 2016. The highest return has been achieved by the hedonic model, which yields 0.0734 semiannually and 0.1511 annually. The return differences between the hybrid model and the hedonic model are not distinct, which the former is on average 13% lower than the latter in both time levels. The repeat sales model performs the worst, obtaining the lowest estimated returns and the highest risk at both time levels. By contrast, the hybrid model provides the lowest estimated volatility even at different time levels, notably surpasses all other models. This result somewhat contradicts the finding of Renneboog and Spaenjers (2013) , which argues that, with respect to artworks, the hedonic model has found somewhat lower returns than the repeat sales model. Considering that only part of Qi baishi's artworks appear in the art market more often, those artworks with high appreciation and esthetic value by the collectors may be transacted infrequently. 
